Objectives: Thyroidectomy is the commonest operation that places normally functioning laryngeal nerves at risk of injury. Vocal palsy is a major risk factor for dysphonia, dysphagia, and less commonly, airway obstruction. We investigated the association between post-thyroidectomy vocal palsy and long-term risks of pneumonia and laryngeal failure.
| INTRODUCTION
The primary function of the larynx is sphincteric protection of the airway against ingress of digestive tract contents, 1 and the principal mechanism by which this is achieved is reflexive closure of the true vocal folds during swallowing. [2] [3] [4] Vocal palsy impairs glottic closure, and this is known to lead to dysphagia and aspiration in 20%-40% of the affected patients. [5] [6] [7] [8] [9] There are a wide range of surgical procedures that place normally functioning laryngeal nerves at risk of injury, which in turn places the patient at risk of post-operative dysphonia, dysphagia, and less commonly, airway compromise. 5, [10] [11] [12] [13] [14] Thyroidectomy is the commonest of these procedures ( Figure 1 ). Post-surgical vocal palsy is a known risk factor for the development of acute hospitalacquired pneumonia following oesophageal and aortic surgery, 15, 16 but little is known about any associations that may exist between post-thyroidectomy vocal palsy and long-term pneumonia risk.
We have previously developed an informatics-based algorithm for identifying thyroidectomy cases within the English administrative dataset. 17 In the present study, we used this algorithm to investigate whether an association exists between post-thyroidectomy vocal palsy and the development of long-term adverse events that could be linked to laryngeal dysfunction in otherwise low-morbidity, lowrisk patients undergoing thyroidectomy for benign disease. 
| MATERIALS AND METHODS

| Case identification
Keypoints
• Thyroidectomy is the commonst operation which places normally-functioning laryngeal nerves at risk of injury.
• Post-thyroidectomy vocal palsy is associated with an increased risk of late chest infection and laryngeal failure.
• Post-thyroidectomy laryngeal examination and active exclusion of vocal palsy should be a minimum standard of patient care in every patient who undergoes this procedure, with failure to do so potentially constituting clinical negligence.
patients who had thyroid or parathyroid surgery or neck dissection before or after the index thyroidectomy were excluded. 
| Data analysis
Continuous variables were expressed as means with standard deviation, and binomial variables were expressed as percentages. Cox regression was used to investigate the relationship between post-discharge actuarial variables and potential risk factors. Analyses were performed using MedCalc (MedCalc Software bvba, Acacialaan, Belgium).
3 | RESULTS
| Patient characteristics
Over the study period, 43 515 low-risk patients with a mean age of 46AE12 and with a strong female preponderance (85%) electively underwent thyroidectomy for the first and only time. Overall, 89%
of patients had no recorded morbidities from within the Charlson basket of morbidities and the commonest recorded morbidities were hypertension (11.3%), asthma (7%) and diabetes (6.1%). Most patients underwent hemithyroidectomy (65%), and 17% of patients underwent surgery for inflammatory thyroid disease (Table 1) .
| Vocal palsy
Vocal palsy was present in 449 (1.03%) patients following discharge from hospital after thyroidectomy (Table 1) | 1261 and whilst our study does not prove causality, but our findings are consistent with what is known of the physiology of the larynx and in particular, over-reliance of the human swallowing mechanism on fine neurological control 1 and thus its particular susceptibility to neuromuscular dysfunction. [4] [5] [6] 8, 9, 12, 15, 16, [21] [22] [23] The incidence of laryngeal nerve injury in patients undergoing oesophagectomy and thoracic aortic surgery is 20%-40%, and in these patients, it is known that post-operative vocal palsy significantly increases the risk of hospital-acquired pneumonia and length of stay. 15, 16 In the longer term, it is known that as many as 5% of patients presenting for dysphagia evaluation have a hitherto-undiagnosed vocal palsy.
5,24
Moreover, those patients whose dysphagia is caused by or contributed to by vocal palsy are more than twice likely to be aspirators compared with those patients with dysphagia, who do not have vocal palsy. 5, 24 Thyroidectomy is the most common procedure which exposes the laryngeal nerves to risk, and our observations emphasise the importance of promptly recognising and treating post-surgical dysphagia, and actively excluding vocal palsy as its cause. Treatment often takes the form of swallowing therapy with possible dietary modifications to reduce the risk of aspiration pneumonia, 25 and, in selected cases, vocal medialisation surgery which may be undertaken in the immediate post-operative settings or at a later time following failure of conservative treatment may be helpful.
11,26-29
The necessity for preoperative and post-operative laryngoscopy is a matter of considerable debate amongst thyroid surgeons, and there is wide variation in both preoperative and post-operative laryngoscopy rates. 30 We believe that universal preoperative and postoperative laryngeal surveillance should be a minimum standard of care.
We base this opinion on the reported low sensitivity and specificity of post-operative dysphonia, which is the current trigger for post-operative laryngoscopy, in detecting vocal palsy, 31,32 on the significant proportion of late-presenting dysphagic patients with undiagnosed postsurgical vocal palsy, and on the increased risk of aspiration in this F I G U R E 3 Relationship between late vocal palsy and (A) emergency hospital admission, (B) hospitalisation for acute lower respiratory tract infection, (C) dysphagia and (D) placement of tracheostomy or gastrostomy tube. The Kaplan-Meier plots are adjusted using Cox regression models provided in Table 2 with late vocal palsy as the subgroup variable. patient subgroup. 5, 24 The data presented herein suggest that postthyroidectomy vocal palsy may in fact be associated with significant, independent, and persistent elevation of the long-term risks of dysphagia, pneumonia, and laryngeal failure in otherwise low-risk young patients undergoing surgery for benign disease. Over a third of claims for clinical negligence relating to laryngeal nerve injury relate to failure to promptly diagnose the complication, 33 and if no attempt is made to actively identify vocal palsy following thyroidectomy, a claim for clinical negligence for delayed diagnosis brought on by a plaintiff whose vocal palsy comes to manifest as late aspiration pneumonia would be difficult to defend against. Importantly, given pre-existing knowledge that a normal voice does not exclude a paralysed vocal fold, 32 absence of post-operative voice symptoms will be unlikely to provide an adequate defence against clinical negligence on the grounds of failure to diagnose vocal palsy in a timely manner. We believe that failure to actively exclude vocal palsy in every patient who has had a thyroidectomy is clinically negligent, but at the same time we do not believe that 
| Strengths and limitations of the present study
To our knowledge, this is the first time that an association between post-thyroidectomy vocal palsy and long-term risk of dysphagia and pneumonia are being demonstrated in an N=near-all analysis of a national dataset. In our study, the long-term risk of hospitalisation for lower respiratory tract infection associated with vocal palsy was present in spite of removing many confounding factors like old age, high morbidity levels, presence of any cancer including thyroid cancer, Despite focusing the study on younger patients with lower morbidity levels and without systemic influences of cancer or respiratory disease, vocal palsy remained an independent risk factor for pneumonia, dysphagia, emergency hospital admission and the need to place a gastrostomy or tracheostomy tube.
An important consideration and a limitation of this study is that we have dichotomised patients by the presence or absence of evidence of vocal palsy within the coded dataset. In fact, 98% of the chest infections occurred in patients who did not have coded evidence of vocal palsy. Whilst it is highly unlikely that all of these chest infections were manifestations of silent aspiration due to occult vocal palsy, we do know that vocal palsy does go undiagnosed 5,24 and it is highly likely therefore that a proportion of these infections were due to occult vocal palsy. Whether this is indeed the case needs to be further studied.
There are also limitations to our study that relate to the influence of clinical coding subjectivity, variability and error 38 on the accuracy of the English administrative big data. In order to reduce this influence, we eliminated all patients with unclear-type thyroidectomies and aggregated codes into a small number of clinical entities to increase specificity. 17 Conversely, using temporally linked data did allow index thyroidectomy to be linked to late complications regardless of which hospital they occurred in, and under whose care the patients were subsequently admitted. This is particularly beneficial in this context as this association is not at this time widely recognised by the surgical or medical communities and the complication may be going unnoticed between the two disciplines.
We used lack of visits to speech and language therapy in the 18 months prior to thyroidectomy as a surrogate for absence of pre-existing laryngeal conditions and multiple visits to a speech and language therapist, as well as laryngeal medialisation procedures, as evidence of post-thyroidectomy vocal palsy. The veracity of these assumptions need to be more precisely verified through local audits.
| CONCLUSION
In conclusion, we found independent and statistically significant associations between post-thyroidectomy vocal palsy and long-term 
